Most of the literature on penetrating wounds of the heart is concerned with the diagnosis and management of acute cardiac tamponade, but very scant attention seems to have been paid to its sequelae and complications. Cardiac aneurysm is now increasingly being recognized as a complication following accidental wounds, incisions into the heart for introducing instruments, and openheart correction of certain cardiac defects.
In this communication a report of a case of traumatic ventricular aneurysm following accidental incision into the left ventricle is presented, because of the unusual circumstances that led to its production and its mode of presentation. CASE REPORT B. R., a boy aged 10 years, was admitted to the K.E.M. Hospital, Bombay, on 4 February 1963 for reduction under general anaesthesia of a slipped epiphysis of the lower end of the right radius. During induction of anaesthesia with ethyl chloride the child developed cardiac arrest. Immediate closed cardiac massage was attempted for about one and a half minutes without any favourable response. The child was intubated, and the chest was opened through the fourth left intercostal space. While opening the chest in haste there was an accidental injury to the pericardium and left ventricular myocardium. The incised wound in the myocardium was about 1* in. (31-75 mm.) long, but the actual opening into the left ventricular cavity was 0-5 in. (12-7 mm.) long. There was considerable loss of blood into the pericardial and pleural cavities. Open cardiac massage for about two and a half minutes was followed by spontaneous restoration of normal cardiac rhythm. The left ventricular wound was sutured with interrupted black silk sutures. Blood loss was replaced ; the pericardium was sutured and the chest was closed in layers with an underwater seal drain in the left pleural cavity.
Post-operatively the patient maintained a blood pressure of about 100/70 mm. Hg. His electrocardiogram at this time showed a slight myocardial injury pattern. On the third post-operative day the air entry on the left side was found to be diminished, the temperature was raised (oral temperature 102' F.), and the pulse rate was 140 per minute. The pyrexia continued in spite of antibiotics and other measures. A radiograph of the chest taken on 12 February 1963 revealed extensive haziness over the left base (Fig. 1 ). On 13 February the left chest was re-explored to evacuate the blood clots and to re-expand the collapsed left lung.
During this operation a patch of softening about 15 cm. in diameter was detected over the front of the left ventricle. This area was carefully covered with a pericardial flap (Fig. 2) and the chest was closed in layers with a drain.
On the eighth post-operative day the sutures were removed. The wound had healed well, except anteriorly, where an area of reddening and a tense pulsatile bulge 3 cm. in diameter had appeared. A diagnosis of empyema necessitans was made. Aspiration of the swelling at this stage yielded only a small quantity of dark-coloured blood.
On 10 March there was a spontaneous haemorrhage from the wound. A radiograph of the chest showed a vague opacity just outside the apex of the heart and partly overlying it. Bleeding was controlled by external pressure and the blood loss was replaced. Two days later there was another episode of severe haemorrhage from the same wound. Blood loss was again replaced and re-exploration of the wound was planned.
The chest was opened through the fourth left intercostal space after excising the previous operation scar. There was a false left ventricular aneurysm 2 by 1 cm. which had ruptured (Fig. 3) . Bleeding from the ruptured aneurysm was controlled by finger pressure, and a Bailey's myocardial clamp was applied over the base of the aneurysm. A part of the necrotic wall of the aneurysm was excised. Four interrupted silk sutures were used to close the opening in the left ventricle. A patch of fascia lata was then sutured over the area to strengthen the suture line (Fig. 4) Three weeks later the patient again developed a praecordial bulge in the region of the apex of the heart. Radiographs of the chest showed an opacity ( Fig. 5) on the left side of the heart. Fluoroscopy showed that the opacity was paradoxically pulsatile. An electrocardiogram showed changes of anterolateral infarction.
On 25 April the patient complained of pain on the left side of the chest and had a severe bout of coughing, after which there was a further severe bleeding from the wound. This was controlled by external pressure, and the blood loss was replaced. The patient was moved to the theatre.
A left thoracotomy was again carried out, this time through the fifth rib bed. On opening the chest it was noticed that the previous fascia lata graft was thinned out, and a new false aneurysmal sac had developed over the left ventricle, which had ruptured. Bleeding was controlled with finger pressure, and a Bailey's myocardial clamp was applied over the site of bleeding. The false sac was excised and clots were evacuated. Interrupted silk sutures were applied over the myocardium to stop the bleeding. A muscle graft from the intercostal muscle was then sutured over the softened area of the myocardium (Fig. 6) . The chest was closed in layers, and a drain was left in the pleural cavity.
Recovery was uneventful. There was no further bleeding. There was no bulge over the praecordium, expansion of the lungs was full, there was no pyrexia, and the wound healed well.
On 20 June 1963 the patient was discharged from the hospital after a total stay of four and a half months, during which period he had undergone thoracotomy four times for recurrent haemorrhages from recurrent left ventricular aneurysms.
One month after discharge from the hospital the patient was asymptomatic. There was no praecordial bulge and the wound had healed well. Examination of the heart did not reveal any abnormality. Radiographs of the chest showed full expansion of the lungs and an E.C.G. was within normal limits.
Six months later, when last seen, the patient was asymptomatic, and investigations showed no abnormality (Fig. 7) . The E.C.G. was normal.
REVIEW OF THE LITERATURE
Aneurysms of the heart resulting from myocardial infarction are not uncommon, but aneurysms FIG. 7. Chest radiograph (taken six months after the last operation) shows fully expanded lungs and an almost normal cardiac silhouette.
resulting from trauma and surgical incisions are said to be rare. A ventricular aneurysm due to coronary occlusion was first described by Hunter in 1757 . Sternberg (1914 was the first to appreciate the concept of chronic ventricular aneurysm and described the first case occurring during life.
The usual site of post-infarction aneurysm has been the left ventricle. These aneurysms develop as a result of scar formation, which replaces the necrotic post-infarctional myocardium.
Cardiac aneurysm has aroused little interest. There was no mention of this condition in Harken's (1946) A zone of necrosis within the suture line was a constant feature. In cases of wound rupture it was found that the suture had produced considerable necrosis. In those wounds that did not break down granulation tissue rapidly invaded the necrotic muscle, completely replacing it in two or three weeks to produce a scar that at first was as thick as the wall of the ventricles. When the length of the incision was limited to 2 cm. attenuation of the scar did not occur to any great extent, but with wounds 3 to 4 cm. long, which had not divided any of the coronary vessels, broadening and thinning of the scar began within a month and progressed until the scar measured half or less of its original thickness. This process was most marked at the apex. Beck (1944) tried and failed to produce an aneurysm in dogs by localized crushing of the myocardium and ligation of the coronary artery.
Infection of the suture line has been thought to be one of the causes of the development of ventricular aneurysms. Lyons and Perkins (1958) , who reported two cases of ventricular aneurysm, attributed them not to infection but to faults in suturing.
Bailey, Bolton, Nichols, and Gilman (1958) regard most, if not all, traumatic aneurysms as false, and believe that the fault lies in a failure to place the sutures through the full thickness of muscle, thereby facilitating dissection. One stitch tied badly or too tightly may cause excessive necrosis and subsequent disruption of that part of the wound; the breakdown is early, but the aneurysm to which it gives rise may occur much later.
It has been presumed that traumatic aneurysms of the ventricle are characteristically false aneurysms, but this view has been challenged by Kerr, Wilcken, and Steiner (1961) and by Smithy, Boone, and Stallworth (1950) .
Since true aneurysms follow infarction in patients with coronary heart disease, it is suggested by Kerr et al. (1961) that infarction precedes traumatic aneurysms.
Intraventricular pressure is another factor that is responsible for the production of both true and false aneurysms. The rate of growth in a traumatic aneurysm is fairly rapid, though subsequent enlargement may be slow. EXPERIMENTAL In the case presented, the aetiology of the ventricular aneurysm could be attributed mainly to two factors. First, because the accidental ventricular wound complicated cardiac arrest, its suturing was done rapidly and hence was likely to have been insecure or inadequate. Secondly, as aseptic precautions were not taken during cardiac massage, the ventricular wound and pleural cavity were infected, as was evident from the subsequent course of the case. Kerr et al. (1961) have divided ventricular aneurysms into two groups, true and false.
TYPES OF VENTRICULAR ANEURYSMS
A true ventricular aneurysm is a part of the heart. A saccular aneurysm with a narrow neck develops from a small area of weakness in the myocardium. If the area affected is larger, a widenecked sac will develop, and sooner or later the wall of the sac will be replaced by fibrous tissue.
On the other hand, a false aneurysm lies outside the heart and communicates with it through a perforation in the heart muscle. This develops as a result of a persistent leak of blood from the ventricle. Fibrous adhesions develop from the surrounding structures and from tough fibrous tissue which is indistinguishable from the wall of a true aneurysm, even on histological examination.
In the present case the ventricular aneurysm was a false one, since the sac was composed of There are two ways of treating ventricular aneurysms-by external reinforcement and by resection with ventriculoplasty.
Techniques similar to Beck's have been applied in 24 patients using omentum, skin, intercostal muscle, pectoralis major muscle, and diaphragm (Lillehei, Levy, DeWall, and Warden, 1962) 
